This research was undertaken to find out the levels of five heavy metals (Cu, Fe, Mn, Pb, and Zn) in the muscles of eight fish species from Epe Lagoon. The levels of heavy metals were determined by atomic absorption spectrophotometry after digestion of the samples using Kjldahl heating digester. The heavy metal concentrations among the fish species were statistically dissimilar (P < 0.5). The heavy metals of Pb, Fe, and Mn were above the FAO/WHO agreeable limits for human consumption.
INTRODUCTION
Heavy metal pollution is an important issue in a lot of aquatic and semi-aquatic habitats and the products obtained globally from them, particularly where there are industries which dispatch their waste into or close to the water bodies (Astratinei and Varduca, 2008; Zubcov et al., 2008; Iepure and Selescu, 2009; Aziz and Hashim, 2011; Akköz, 2016) . Heavy metal pollution in the lagoons and estuaries in Nigeria has not been properly documented, including the fishery resources of this country.
Fish and fish products are an important part of a healthy diet, especially in developing countries, where it is a source of cheap animal protein. Fish also contain other essential nutrients, and they are low in saturated fat and contain omega three fatty acids (NSPFS, 2005) .
Heavy metals are natural trace elements of the marine habitats, but they are also one of the most dangerous substances that could be accumulated in biota. Munoz-Olivas and Camara (2001) observed that commercially important fish species often live in coastal environments that contain high levels of heavy metals, which come from industrial and agricultural wastes or human activities. Marine organisms accumulate these metals from water, food, sediment and some suspended particulate materials (Kalay and Canli, 2000) . It has also been observed that fish species accumulate heavy metals to concentrations many times higher than that present in the water or sediments in which they dwell (Khoshnood and Khoshnood, 2013) . Therefore, they have been used for marine pollution monitoring (Agusa et al., 2005; Bat et al., 2012) .
Humans who consume fish regularly may be exposed to relatively higher levels of heavy metals by eating fish contaminated with heavy metals. Edible fish are often contaminated with heavy metals as a result of agricultural technology, industrial pollution, sewage drainage and other sources, which could affect human health and cause chronic diseases when these metals exceed the tolerable limits (Zyadah and Abdel-Baky, 2000) .
This study, therefore, assessed the levels of five heavy metals, zinc (Zn), lead (Pb), copper (Cu), iron (Fe), and manganese (Mn) in the sediment and muscles of eight fish species (Alestes sp., Mormyrus sp., Tilapia zillii, Tilapia "wesafu" Gymnarchus niloticus, Sphyreana sp. Polydactilus quadrifilis and Chrysichthys nigrodigitatus) from Epe Lagoon, Nigeria. The study also assessed whether the consumption of these fish species from Epe Lagoon could exceed the established total weekly intake of metals.
Epe Lagoon ( Fig. 1 ) lies between 03°50' -04°10'N and 05°30' -05°40'E. It has a surface of over 243 km 2 and is located between two other lagoons, the Lekki Lagoon (freshwater) in the east and Lagos Lagoon (brackish water) in the west. The lagoon is connected to the sea through the Lagos Harbour (Uwadie, 2010) . This lagoon has a six m maximum depth; still, some sectors of the lagoon are comparatively shallow with a minimum depth of one m. The vegetation surrounding the lagoon is of the mangrove swamp type (Fashina-Bombata and Megbowon, 2012).
MATERIAL AND METHODS
Fish samples were collected from catches of local fishermen in Ijede, Ikose, and Ejrin all in Epe Lagoon area.
All the fish samples were transported immediately to the laboratory in ice boxes.
All the sediments samples were collected from the three stations using core sampler and transferred into polyethylene bags and later transported to the laboratory in ice boxes. The fish muscles analysed were collected in triplicates from different parts of the fish body. The fish samples were oven dried at 105 o C for about 12 hours. All glassware used was washed and rinsed with distilled water several times, then washed in 10% HCl before use to avoid contamination.
The fish samples were digested using the wet digestion procedure according to Asegbeloyin et al. (2010) . Muscle tissues were taken from various parts of each fish and homogenized. Four g of the homogenized muscles (without skin) were taken from each specimen and placed in 300 ml Kjldahl digestion tubes. 10 g of each dried sample was digested in 60 ml of freshly prepared 1:1 HNO 3 /H 2 O 2 solution at 160°C on a hot plate for about one hour until the contents were reduced to five ml each. The residue was then filtered separately with Whatman filter paper (number 42) and the filtrates transferred to a standard flask and distilled, de-ionized water was added to achieve 25 ml. The Atomic absorption spectrometer (AAS) (Analyst 200, Perkin Elmer) was then used to determine the concentrations of Pb, Mn, Cu, Fe, and Zn in the fish samples.
Laboratory blanks were prepared to ensure that the samples and chemicals used were not contaminated. They were analysed by atomic absorption spectrophotometry before the samples, and their values were subtracted to ensure that the equipment read only the exact values of heavy metals. Each set of digestion had its own acid blank and was corrected by using its blank. The sediments were dried at 105ºC, grinding, sieving and about (1.0 gm) of the most fine dried grains were digested with a mixture of concentrated H 2 O 2 , HCl, and HNO 3 as the method described in Page et al. (1982) and preserved in a refrigerator until analysis.
SPSS statistical software was used to obtain indices like mean, standard deviation, and parameters correlation. The mean differences were divided at P < 0.05 levels of significance.
RESULTS

Heavy metal concentration in sediments and fish species
The mean heavy metals concentrations in the sediments and fish species are presented in table 1. Heavy metals concentration in sediment samples were in the range of 1.26 ± 0.01 recorded for Mn to 10.73 ± 0.04 recorded for Zn. These values were all below the permissible limits in soils. The results of heavy metals in the fish samples reveal that Zn recorded the highest values in all the fish species followed by Fe, Pb, Cu and Mn (Tab. 1).
There were slight differences among the heavy metal concentrations of the eight fish species sampled. The herbivore, Polydactylus quadrifilis, (Shiny nose) had the lowest concentration of metal in its muscle. None of the fish species sampled had a consistently high level for all the five metals analysed. Gymnarchus niloticus had the highest levels of zinc; Tilapia "wesafu" had the highest levels of lead and copper; Mormyrus sp. had the highest levels of iron and Chrysichthys nigrodigitatus had the highest levels of manganese. The overall average concentrations of Zn, Pb, Cu, Fe, and Mn in the muscles of the eight fish species were 11.32; 4.80; 2.76; 7.46 and 1.13 respectively. This gave a ranking of: Zn > Fe > Pb > Cu > Mn. The metal levels in the muscles of each fish species gave a similar ranking.
G. niloticus had a significantly higher (P < 0.05) mean concentration of Zn (15.78 ± 0.04) than all other species, followed by T. "wesafu" with an average concentration of 13. Lead was detected in all eight fish species and higher than the WHO/FAO maximum limit of two mg/g. The concentration of Pb was significantly (P < 0.05) higher in T. "wesafu" with an average value of 5.88 ± 0.10 than the other fish species. The average concentration of Pb was in the following order Mormyrus sp. > G. niloticus > C. nigrodigitatus > Sphyreana sp. > Alestes sp. > T. zilli > P. quadrifilis with values of 5.83 ± 0.17, 5.69 ± 0.01 4.62 ± 0.02, 4.11 ± 0.12, 3.84 ± 0.21 respectively (Fig. 3 ). The average concentration of Fe was in the following order: Mormyrus sp. > G. niloticus > C. nigrodigitatus > T. "wesafu" > Sphyreana sp. > T. zilli > Alestes sp. > P. quadrifilis, with average values of 8.69 ± 0.09, 8.11 ± 0.01, 8.02 ± 0.02, 7.75 ± 0.37, 7.28 ± 0.08, 7.27 ± 0.16, 6.80 ± 0.03 and 4.37 ± 2.48 respectively. The average concentration of Fe in Mormyrus sp. was significantly (P < 0.05) higher than in the other fish species sampled (Fig. 5 ). Table 2 shows the estimated average daily consumption and total health quotient (THQ) of heavy metals per person based on an average weight of 70 kg. The estimated daily intake of Zn, Pb, Cu, Fe, and Mn in all fish species in this study ranged from 0.0-0.023, 0.001-1.955, 0.0-0.052, 0.0-0.436, and 0.0-0.003 lg/day/person, respectively. The average daily intake of metals through fish consumption was as follows: Zn > Mn > Cu > Fe > Pb.
Health-risk assessment for fish consumption
DISCUSSION Heavy metal concentration in fish species Bahnasawy et al. (2009a) observed that fish muscle is not an active tissue in accumulating heavy metals, but it is the most edible part of the fish that is consumed. It has also been documented that some fish in polluted water bodies may accumulate substantial amounts of metals in their muscles, and this could exceed the maximum acceptable limits (Kalay and Canli, 2000) . An appreciable amount of scientific references is accessible on heavy metal concentrations in fish but not much in the various fish species from Epe Lagoon. This research dealt with eight different fish species from this lagoon. This study revealed that the eight different fish species had different mean concentrations of heavy metals in their muscles as shown in table 1. Heavy metal bioaccumulation in fish is species-dependent. Feeding habits and habitats where the species dwell are also linked to heavy metal accumulation in fish muscles (Al-Majed and Preston, 2000; Yilmaz, 2009 ). The variations of heavy metal concentrations in the different fish species could also be attributed to size (body weight and length), gender, age and growth rates, types of tissues analysed, and physiological conditions The eight fish species contained Pb, Fe, and Mn above the acceptable limits recommended for human consumption as shown in table 1. Zn concentrations ranged from 8.73 mg/g to 15.78 mg/g among the fish species with a mean concentration of 12.26 mg/g. This concentration is much higher than that recorded by Hossam et al. (2012) from Gaza fishing harbour in the Mediterranean Sea along the Gaza coast, Palestine, in which the concentrations of zinc ranged from 13.56 µg/g to 40.43 µg/g with mean concentration of 26.9 µg/g (0.0269 mg/g). These levels of Zn concentration are much higher than the tolerable weekly intake (PTWI) of seven mg/kg body weight equivalent to 490 mg/week for a 70 kg adult (FAO/WHO, 2004). G. niloticus had the highest mean concentrations of heavy metals, potentially because it is at the peak of the food chain and a heavy carnivore. Taiwo et al. (2016) observed a similar seasonal trend in the same water body with regards to heavy metals in the muscle of G. niloticus, though in their study, T. "wesafu" had the highest metal content. There is no documented literature on the heavy metal content of G. niloticus in other water bodies in Nigeria. This fish species is indigenous to Africa and the only species in its family Gymnarchidae. The relatively undocumented T. "wesafu" had the second highest concentrations of Zn and Pb followed by Mormyrus sp. In a previous study, Taiwo et al. (2012) observed that T. "wesafu" raised in a rizi-pisciculture system were low in heavy metal content. However, a similar study conducted by Taiwo et al. (2016) on seasonal variation of heavy metals in Epe Lagoon showed that Tilapia "wesafu" had the highest concentration of heavy metals, indicating that this water body is relatively polluted (Hamza-Chaffai et al., 1996) , at least in the area where they were caught. Elnabris et al. (2013) noted that due to interspecific differences, when assessing the levels of heavy metals in fish, it should be compared to results of the same species caught within the same water body.
The high levels of heavy metals in Mormyrus sp. are similar to the findings of Nwani et al. (2009) in Anambra River. This high metal content could also be influenced by its feeding habits, as it feeds on detritus, diatoms, algae, and microscopic invertebrates. It has been observed that animals which feed on such usually have high metal concentrations in their muscles (Kilgour, 1991) .
The provisional tolerable weekly intake (PTWI) for lead is 0.3 mg/kg body weight (FAO/ WHO, 2004) . This result revealed that fish in Epe Lagoon contained lead above the FAO/WHO safe standard level for consumption. This is contrary to Stancheva et al. (2013) on heavy metal and proximate composition of Black Sea sprat and Goby where the concentration of lead is 0.08 mg/kg w. w. (wet weight) and 0.03 mg/kg w. w. respectively, which is lower than the concentration of Pb found in fishes from Epe Lagoon.
The proposed acceptable limits of Cu concentrations in fish species as recorded by FAO/WHO (1989), EU (2001) and Turkish guidelines (TFC, 2002) is about 30 μg/g (0.03 mg/g). It is prevailing the fact that, the concentrations of Cu found in tissues of all the fish species in the present study are over the recommended value. This finding agrees with previous observations recorded by Adedeji and Okocha (2011) on bioconcentration of heavy metals in prawns and water from Epe Lagoon and Asejire River in Southwest Nigeria that Epe Lagoon contains copper above the acceptable limit.
Mormyrus sp. had the highest concentration of iron (8.69 mg/g) while Polydactylus quadrafilis had the lowest concentration (4.37 mg/g). However, the maximum limit recommended by the IAEA (2003) is 146 mg/kg indicating that the concentrations of iron in the muscle of the fish species were far above the acceptable limits. The high levels of Fe in the muscle of the fishes analysed concur with the previous findings on assessment of heavy metals in muscles and bones of fish and shellfish from Epe Lagoon by Taiwo et al. (2016) where the concentration of Fe was over the maximum recommended level of WHO.
The concentrations of Mn ranged from 1.24 mg/g to 0.87 mg/g in the fish from Epe Lagoon. The permissible limit of manganese concentrations in fish by the Turkish Food Codes (TFC) is about 20 μg/g (TFC, 2002; Dural et al., 2007; Yilmaz, 2009; Türkmen et al., 2009 ). The concentration of Mn found in the tissues of the fish species was least in Polydactylus quadrafilis, which was higher than the acceptable TFC limit. The results of this study differ from that obtained by Taiwo et al. (2016) on the concentration of Mn from the same lagoon. However, Taoheed and Said (2014) observed very low levels of manganese in Alestes sp. and T. zillii, which were below the tolerable acceptable limits of metal consumption in river Challawa in Kano State, Nigeria. The metal concentrations levels of Fe, Pb, Cu, and Zn in Alestes sp. and C. nigrodigitatus from Afikpo, Ebonyi State, Nigeria were comparable to this study, which were above the maximum permissible limit (Oti-Wilberforce et al., 2016). Demirezen and Uruc (2006) observed that Cu, Mn, Fe, and Zn are essential elements required by a wide variety of enzymes, other cell components, and vital functioning in all living organisms, but very high intakes can cause health problems. Lead has no biological role and is toxic to humans and other living organisms at very low concentrations. In this study, the overall average concentrations of metals were in the order of Zn > Fe > Pb > Cu > Mn. This was at variance with the study of Elnabris et al. (2013) where the concentrations of essential elements were higher than the non-essential elements.
Heavy metal concentrations vs. international dietary standards and guidelines
There are Nigerian food safety standards, but none are currently available regarding heavy metal concentration in fish. Therefore, the results obtained in this study for muscle samples of fish were compared with limit values and guidelines found in the literature. The levels of Zn and Cu were lower than the maximum levels and guidelines values described in the literature. The levels of Pb, Fe, and Mn tested in the muscles of the eight fish species were higher than the limit values for fish proposed by the European Community (EU, 2001) . As a result of such high levels, it can be ascertained that the fish species in Epe are not entirely fit for human consumption. 
CONCLUSIONS
This study has provided information on the heavy metal concentrations on sediment and eight fish species from Epe Lagoon. The study indicated variations on the levels of heavy metals investigated (Zn, Fe, Pb, Cu, and Mn). Zn recorded the highest values in all the fish species followed by Fe, Pb, Cu, and Mn. G. niloticus had highest level of heavy metals concentration and P. quadrafilis had the lowest.
The concentration of the heavy metals tested in the muscles of the fish species from Epe Lagoon, Lagos State were above the recommended maximum acceptable limits in fish food consumption. Therefore, these fishes should not be eaten regularly or in large quantities, as it could be a source of health concern. It is essential that the PTWI of these metals is not exceeded. To assess public health risk of the Epe Lagoon fish consumption, comparison of metal levels in muscles of the current study with the maximum permissible limits (MPL) for human consumption established by different organizations was made.
